
  
 

   

2022 PhD projects and supervisory teams  
Doctoral Fellowships for Clinicians 

 
 
 
Mechanisms and functions of host metabolic reprogramming in liver cancer development. 
Supervisory team: Dimitrios Anastasiou (primary supervisor, Crick) and Emmanouil Tsochatzis 
(UCL) 
 
Mechanisms of cancer therapy resistance and evolution. Supervisory team: Dinis Calado 
(primary supervisor, Crick) and John Riches (Barts Cancer Institute/QMUL) 
 
Mitochondrial regulation of neuronal presynapses in health and disease. Supervisory team: 
Mike Devine (primary supervisor, Crick) and Selina Wray (UCL) 
 
Uncovering the genetic basis of cancer with multiplex genome editing. Supervisory team: 
Greg Findlay (primary supervisor, Crick) and Clare Turnbull (The Institute of Cancer Research) 
 
Between life and death – cellular strategies for coping with acute metabolic stress during 
suspended animation. Supervisory team: Nathan Goehring (primary supervisor, Crick), 
Guillaume Charras (UCL) and Rickie Patani (Crick/UCL) 
 
What controls natural killer cell function in autoimmunity and cancer? Supervisory team: 
James Lee (primary supervisor, Crick) and Mark Lowdell (UCL)  
 
Developing novel cancer therapeutics by functional interrogation of the nervous system. 
Supervisory team: Leanne Li (primary supervisor, Crick), Ioanna Keklikoglou (Barts Cancer 
Institute/QMUL) and Rickie Patani (Crick/UCL) 
 
Prolonging survival in adults with chronic hepatitis B virus (HBV) infection through risk-
stratified treatment and surveillance. Supervisory team: Philippa Matthews (primary 
supervisor, Crick) and Douglas MacDonald (UCL) 
 
Mutations and mosaicism in human embryonic development. Supervisory team: Naomi Moris 
(primary supervisor, Crick), Cristina Dias (King’s College London) and James Turner (Crick) 
 
Dissecting the immunological mechanisms of vascular pathology in pre-clinical patients with 
chronic inflammation and its link to atherosclerosis. Supervisory team: Venizelos 
Papagiannopoulos (primary supervisor, Crick), Francesco D'Aiuto (UCL) and John Deanfield (UCL) 
 
Immune mechanisms in psychosis and antipsychotic treatment resistance. Supervisory team: 
Katharina Schmack (primary supervisor, Crick) and James MacCabe (King’s College London) 
 
Cancer Dynamics. Supervisory team: Samra Turajlic (primary supervisor, Crick) and James 
Larkin (The Institute of Cancer Research) 
 
Analysis of congenital heart defects in down syndrome using induced pluripotent stem cells. 
Supervisory team: Victor Tybulewicz (primary supervisor, Crick), Andreia Bernardo (Imperial 
College London) and Kuberan Pushparajah (King’s College London)  
 



  
 

   

Dissecting the mechanism of N6-Methyladenosine (m6A) mediated RNA translation-decay in 
yeast and cancer cells. Supervisory team: Folkert van Werven (primary supervisor, Crick),  
Kamil Kranc (Barts Cancer Institute/QMUL) and Paolo Gallipoli (Barts Cancer Institute/QMUL) 
 
Causal molecular pathway signatures in systemic lupus erythematosus. Supervisory team: 
Carola Vinuesa (primary supervisor, Crick) and Anisur Rahman (UCL) 
 
Multiomic approaches to understand the pathogenesis of extrapulmonary tuberculosis. 
Supervisory team: Robert Wilkinson (primary supervisor, Crick) and Brian Robertson (Imperial 
College London) 



  
 

   

 

Mechanisms and functions of host metabolic reprogramming in liver 
cancer development  

A PhD project for the 2022 doctoral clinical fellows programme with Dimitrios Anastasiou 
(primary supervisor, Crick) and Emmanouil Tsochatzis (UCL) 

In the last three decades, there has been an alarming increase in the number of patients with liver 
disease linked to obesity, alcohol consumption, environmental toxins and pathogens [1,2]. If current 
epidemiological trends continue, about a fifth of these patients will develop hepatocellular carcinoma 
(HCC), which has a high mortality rate due to lack of effective therapies. It is unclear what causes 
progression from liver disease to HCC but stopping this transition would halt the imminent increase in HCC 
incidence. This project will use mouse models to understand how systemic metabolic changes in the host, 
mediated by specific hepatic cell populations, contribute to HCC development. 

The Anastasiou Lab are studying, among other topics, how whole-body and liver metabolism co-
adapt to obesogenic diets and during the development of HCC. Our ultimate goal is to identify the 
molecular mechanisms that mediate the transition from liver disease to HCC and design new therapeutic 
strategies that target these mechanisms. In recent unpublished work, using in vivo metabolic imaging and 
ex vivo metabolomic analyses, we have shown that HCC induces characteristic changes in carbohydrate 
and lipid metabolism in the peritumoral liver. Using immunodeficient mice, we have also shown that HCC-
induced host metabolic changes require a functioning immune system, which has important roles in 
tumorigenesis and response to therapy [3,4]. 

In this project, the successful candidate will study how HCC influences the composition of 
peritumoral immune cell populations; we will then investigate the role of the altered immune 
environment in HCC-induced host metabolic reprogramming. To this end, we will use flow cytometry and 
mass cytometry (CyTOF) to characterise immune cells in mouse models of HCC, and mouse genetics to 
interfere with metabolic pathways in hepatocytes and the function of immune cells to study their impact 
upon HCC development. These approaches will be complemented by nuclear magnetic resonance (NMR) 
and mass spectrometry (MS) metabolomics combined with stable isotope tracers in cultured cells and in 
mice. In addition to uncovering fundamental principles of metabolic homeostasis, this project will also 
provide important insights towards targeting both HCC and host metabolism for cancer therapy. 
 
The partner institution for this project is UCL. 

References: 
1. http://www.thelancet.com/pb/assets/raw/Lancet/stories/commissions/lancet-liver-disease-

infographic.pdf  
2. Kim, E. and Viatour, P. (2020). Hepatocellular carcinoma: old friends and new tricks. Exp Mol Med 

52: 1898-1907. 
3. Anastasiou, D. (2017). Tumour microenvironment factors shaping the cancer metabolism 

landscape. Br J Cancer 116: 277-286. 
4. Hiam-Galvez, K. J., Allen, B. M. and Spitzer, M. H. (2021). Systemic immunity in cancer. Nat Rev 

Cancer 21: 345-359. 



  
 

   
 

Mechanisms of cancer therapy resistance and evolution 

A PhD project for the 2022 doctoral clinical fellows programme with Dinis Calado (primary 
supervisor, Crick) and John Riches (Barts Cancer Institute/QMUL) 

A significant proportion of lymphoma patients (~40%) are refractory or relapse to standard therapy 
(rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone: R-CHOP). Still, more than 20 
years after R-CHOP implementation, this therapy remains the “gold standard” notwithstanding numerous 
(>20) Phase-III clinical trials[1].  

Fundamentally, we lack information on the biology of R-CHOP-resistant lymphoma cells 
responsible for patient relapse. Patient re-biopsy early after treatment represents a serious ethical 
challenge. The collection of diagnostic-relapse paired samples is not common practice and their study has 
so far failed to provide consistent relapse predictors. Also, patient derived xenografts ultimately lack 
context and are unsuitable for immune-microenvironment investigation.  

Our work at the Immunity and Cancer Laboratory at The Francis Crick Institute demonstrates 
feasibility in using mouse models of lymphoma for in-depth analysis of lymphoma samples at diagnosis, 
posttreatment and relapse[2-4]. To this aim we have successfully established a R-CHOP-like treatment in 
the mouse and have developed lymphoma mouse models of therapy relapse. To better understand 
resistance mechanisms, their prevalence and targetability we considered that studying a lymphoma in a 
single mouse, at diagnosis, posttreatment and relapse, is a requirement. We therefore optimized surgical 
procedures that allow partial tumour resection[4]. The expectation is that the knowledge gathered in the 
models complements human studies, providing a more complete understanding of why lymphoma patients 
fail R-CHOP treatment. 

(PhD Year 1-2): Using mouse models of lymphoma the aim is to collect paired lymphoma samples 
at diagnosis, R-CHOP posttreatment and relapse. The study of diagnostic versus posttreatment lymphoma 
samples will be used to identify candidate mechanisms of resistance and to investigate whether those 
mechanisms are acquired during R-CHOP therapy or pre-programmed. Analysis of posttreatment versus 
relapsed lymphoma samples allows investigation on features associated with resistance at posttreatment 
that are retained in relapsed samples or instead lost during lymphoma evolution. Because mechanisms of 
resistance may be genetic, epigenetic and/or metabolic we will perform characterisation of lymphoma 
cells at the various stages of treatment using bulk, single cell RNAseq and ATAC-seq coupled with 
metabolic profiling and genomic sequencing. To investigate the immune microenvironment[5] we will 
apply spatial transcriptomics together with flow and mass-cytometry analysis. 

(PhD Year 2-3): Perform inter-species (human/mouse) lymphoma comparisons to identify 
alterations that function as biomarkers of R-CHOP therapy failure/success and/or that allow to risk-
stratify patients to the appropriate treatment. Building on our previous experience[2-4] we are in 
particular interested to investigate alterations that impact the activity of MYC, BCL2 and/or the NF-kB 
pathway, which have previously been associated with poor responses to R-CHOP. These analysis will be 
followed by the functional testing of the impact of candidate mechanism/s on outcome following R-CHOP 
treatment through the modification of lymphoma cells derived from tumours of the established mouse 
model systems in the laboratory using e.g. CRISPR-CAS technology.  

The project involves the following training skills: bulk and single cell genomics; metabolomics; 
bioinformatic analysis of high content data using R/Python; pathological analysis using 
immunohistochemistry, fluorescence and mass-cytometry; multicolour flow-cytometry; PET and 
ultrasound imaging techniques; genetic manipulation using CRISPR-CAS technology 
 
The partner institution for this project is Barts Cancer Institute/QMUL. 

References: 
1. Pfreundschuh, M., Schubert, J., Ziepert, M., Schmits, R., Mohren, M., Lengfelder, E., . . . German 

High-Grade Non-Hodgkin Lymphoma Study, G. (2008). Six versus eight cycles of bi-weekly CHOP-14 
with or without rituximab in elderly patients with aggressive CD20+ B-cell lymphomas: a 
randomised controlled trial (RICOVER-60). Lancet Oncol 9: 105-116. PubMed abstract  
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Constitutive canonical NF-kappaB activation cooperates with disruption of BLIMP1 in the 
pathogenesis of activated B cell-like diffuse large cell lymphoma. Cancer Cell 18: 580-589. 
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of genetic mouse models to study NF-κB-driven pathogenesis of Diffuse Large B-Cell Lymphoma, in 
NF-κB transcription factors. Methods Mol Biol in press. PubMed abstract  

5. Riches, J. C., Davies, J. K., McClanahan, F., Fatah, R., Iqbal, S., Agrawal, S., . . . Gribben, J. G. 
(2013). T cells from CLL patients exhibit features of T-cell exhaustion but retain capacity for 
cytokine production. Blood 121: 1612-1621. PubMed abstract  

 
 
 
 
 



  
 

   
  

Mitochondrial regulation of neuronal presynapses in health and disease  

A PhD project for the 2022 doctoral clinical fellows programme with Mike Devine (primary 
supervisor, Crick) and Selina Wray (UCL) 

Project background and description 
Fundamental to the success of complex multicellular life has been the evolution of the nervous system, 
because this enables organisms to respond to stimuli in a rapid and coordinated manner. However, 
nervous systems are expensive: the human brain comprises just 2% of the body's mass, yet utilises 20% of 
the body's energy. This energy is needed to power synapses, where neurons communicate with each other. 
In order to process information, not all synapses are active simultaneously; therefore energy usage varies 
hugely between synapses within individual neurons, and at individual synapses over time. Additionally, 
neurotransmitter release at synapses is triggered by a rapid influx of Ca2+ ions in response to incoming 
action potentials, so synapses must quickly clear Ca2+ to stop neurotransmission and prepare for future 
release events. A key question in the field is how do neurons meet such spatiotemporally diverse energy 
and Ca2+ buffering requirements?  

Mitochondria are ideally suited to help, because they are a potent source of ATP (via oxidative 
phosphorylation) and they avidly take up local Ca2+ via the mitochondrial calcium uniporter. Crucially, 
they are also mobile: they move within neurons to where they are most needed. They frequently localise 
to presynapses where they support sustained synaptic transmission via provision of ATP [1]. But recently 
we and others have shown that presynaptic mitochondria can lower neurotransmission via buffering local 
Ca2+ [2]. So mitochondria play a dual role in shaping synaptic activity, which has potentially far reaching 
implications for diseases featuring a mismatch between energy demand and supply (such as stroke and 
epilepsy) and our recent studies suggest that this delicate balance of Ca2+ regulation and ATP provision 
breaks down in models of Parkinson's disease — a neurodegenerative disorder that currently has no cure. 

We are also interested in whether all mitochondria within a neuron are equivalent, or whether 
specific subtypes of mitochondria exist in different subcellular locations. If the latter, are particular 
mitochondrial subtypes susceptible to disease? To tackle this, we have been using a novel nanotweezer to 
directly ‘biopsy’ and then compare individual mitochondria from different locations within live neurons, 
enabling us to study single mitochondria in unprecedented detail [3]. 
 
Potential projects 

(1) establishing the role of presynaptic mitchondria in regulating synapses in midbrain dopaminergic 
neurons (the neurons most vulnerable in Parkinson’s) and whether they could contribute to the 
‘silencing’ of these synapses [4], 

(2) how mitochondria precisely localise at presynapses in order to appropriately buffer Ca2+, 
(3) how presynaptic mitochondria interact with endoplasmic reticulum, which can itself buffer Ca2+ 

thereby tuning synaptic activity [5], 
(4) studying subcellular mitochondrial heterogeneity within neurons via single mitochondrial biopsy. 

Techniques include primary neuronal and slice culture, iPSC culture and neuronal differentiation, live 
synaptic imaging, 3D electron and superresolution microscopy, microfluidics, genomic and transcriptomic 
analysis, and nanobiopsy. 
 
Medical relevance 
The goal of the lab is to unpick the molecular mechanisms by which mitochondria govern synaptic 
transmission, and how this changes in neurological and psychiatric disease, with the aim of opening up 
new therapeutic avenues for these disorders. 
 
The partner institution for this project is UCL. 
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disease. Nature Reviews Neuroscience 19:63-80 
2. Vaccaro, V., Devine, M.J., Higgs, N.F. and Kittler, J.T. (2017) Miro1-dependent mitochondrial 

positioning drives the rescaling of presynaptic Ca2+ signals during homeostatic plasticity. EMBO 
Reports 18:231-240 
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Uncovering the genetic basis of cancer with multiplex genome editing 

A PhD project for the 2022 doctoral clinical fellows programme with Greg Findlay (primary 
supervisor, Crick) and Clare Turnbull (The Institute of Cancer Research) 

The promise of using a patient’s DNA as a means of guiding clinical interventions is predicated on the ability 
to interpret rare genetic variants. In the context of cancer, understanding the effects of variants in 
established oncogenes and tumour suppressor genes is of great importance because such knowledge can 
inform who is genetically predisposed to cancer and which pharmacologic interventions will optimise 
outcomes [1, 2]. 

Despite growing demand for accurate variant interpretation, our ability to assess the functional 
effects of rare human variants remains highly limited. Even in the most well-studied genes, it is challenging 
to predict which mutations have molecular consequences that impact our health. This is illustrated by 
hundreds of thousands of ‘variants of uncertain significance’ in genetic databases such as ClinVar. We also 
lack a firm understanding of which non-coding regions play critical roles in regulating cancer genes, and 
relatedly, how variants in such regions contribute to disease risk. 

To address this challenge, our lab has developed powerful genome editing tools that allow us to 
systematically probe the functional consequences of genetic variation. We leverage the latest CRISPR 
technologies to ask which variants contribute to human disease and how. We perform genome editing in 
human cells and use next-generation sequencing to track effects of millions of engineered mutations 
simultaneously. With assays we’ve developed such as Saturation Genome Editing [3, 4] and dual CRISPR 
guide RNA screening [5], we can identify precisely which variants contribute to cancer phenotypes. Our 
study of 3,893 BRCA1 variants exemplifies the large clinical impact these methods can have, as this data 
set has already proven crucial for interpreting genetic test results for many patients and their families. 

This clinical PHD project will involve working closely with cancer geneticists tasked with leading 
variant interpretation efforts nationally to define priority targets for experiments. The student will be 
trained to generate and analyse their own large experimental data sets using CRISPR genome editing, 
expanding from ongoing studies in the lab with a range of assays including single-cell transcriptomics. 
Variants observed in patients will be studied in greater depth to bolster clinical impact. There will also be 
ample opportunities to investigate the mechanisms driving variant effects in non-coding regions, for 
instance, through studying RNA splicing and gene regulation.  

This project will ultimately advance our mechanistic understanding of the diverse pathways through 
which mutations lead to cancer. Furthermore, it promises to have a direct clinical impact by improving our 
ability to interpret variants seen in patients. The successful applicant will be at the forefront of developing 
and applying cutting edge genomics technologies, analysing large experimental and clinical genetics data 
sets, and working with leading clinicians to advance precision medicine. We welcome applications from 
clinicians at any stage of scientific training and across specialties. 

The partner institution for this project is The Institute of Cancer Research. 

References: 
1. Findlay, G.M. (2021). Linking genome variants to disease: Scalable approached to test the functional 

impact of human mutations. Hum. Mol. Genet. ddab219.  PubMed abstract  
2. Shendure, J., Findlay, G.M., and Snyder, M.W. (2019). Genomic Medicine – Progress, Pitfalls, and 

Promise. Cell 177: 45-57. PubMed abstract  
3. Findlay, G. M., Boyle, E. A., Hause, R. J., Klein, J. C. and Shendure, J. (2014). Saturation editing of 

genomic regions by multiplex homology-directed repair. Nature 513: 120-123. PubMed abstract  
4. Findlay, G. M., Daza, R. M., Martin, B., Zhang, M. D., Leith, A. P., Gasperini, M., . . . Shendure, J. 

(2018). Accurate classification of BRCA1 variants with saturation genome editing. Nature 562: 217-
222. PubMed abstract  

5. Gasperini, M., Findlay, G. M., McKenna, A., Milbank, J. H., Lee, C., Zhang, M. D., . . . Shendure, J. 
(2017). CRISPR/Cas9-Mediated Scanning for Regulatory Elements Required for HPRT1 Expression via 
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Between life and death – cellular strategies for coping with acute 
metabolic stress during suspended animation  

A PhD project for the 2022 doctoral clinical fellows programme with Nathan Goehring (primary 
supervisor, Crick), Guillaume Charras (UCL) and Rickie Patani (Crick/UCL)  

Life for many organisms is characterised by encounters with unreliable environments that pose existential 
threats to their survival. Organisms have therefore evolved numerous mechanisms to adapt to changing 
environments. One strategy used by many organisms to cope with extreme stress such as oxygen deprivation 
is to enter states of suspended animation or dormancy that minimise energy consumption while maintaining 
long term viability [1]. Induced suspended animation is also used clinically to extend organ viability, for 
example, in trauma patients to extend time available for transport and treatment. 

Suspended animation often involves wholesale alterations in physicochemical properties of cells. 
For example, in some organisms, the fluid-like interior of the cell transitions into a protective solid or glass-
like state [2,3]. Arrest can also trigger reversible phase separation of protein complexes within clusters and 
or droplets, potentially to sequester molecules in a protective conformation [4].  While such processes have 
been studied in unicellular organisms, we have much less understanding of how physicochemical changes in 
animal cells help them achieve viable, but suspended states. In particular, acute changes to cellular 
architecture have not been explored extensively. 

Our labs are particularly interested in how self-organizing processes that establish cell architecture 
are affected by entry into suspended states. Under normal circumstances cells constantly consume ATP to 
drive processes responsible for maintaining their internal organization. This includes assembly of the 
cytoskeleton and patterning of the cell membrane into functional domains, but also numerous homeostatic 
pathways such as regulation of membrane identity and cell cycle status that depend on ATP-consuming 
cycles of phosphorylation and/or GTP hydrolysis. This raises the question of how such processes respond to 
conditions of restricted energy expenditure and whether cells have evolved general strategies to allow them 
to avoid the collapse of internal architecture in suspended states. 

To address these questions, this project will explore the cellular response to suspended animation 
using mammalian tissue culture cells and the C. elegans embryo.  Preliminary data obtained by our labs and 
others are consistent with large scale organizational changes to these cells.  Building on these observations, 
we aim to characterize changes to the phospho-proteome, cellular metabolites, rheology and mechanics of 
arrested cells.  At the same time, we have also identified organizational changes to specific cellular 
structures.  Thus, in a second line of work, we will ask how such changes are induced upon the transition 
into suspended animation, how they may be influenced by global changes to the state of the cell, and 
whether they reflect specific adaptations to promote the ability of cells to recover upon reanimation. 

We envision that this work will reveal general principles of the cellular response to entry into 
suspended animation. These principles will help inform our understanding of clinically-relevant examples 
of cellular dormancy, from arrested mammalian oocytes, embryos and stem cells to long term persisting 
cancer cells, improve our understanding of how stress influences cellular behaviours such as when cancer 
cells encounter oxygen-depleted micro-environments, and guide strategies for organ and tissue 
preservation. 
 
The partner institution for this project is UCL. 

References: 
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What controls natural killer cell function in autoimmunity and cancer?  

A PhD project for the 2022 doctoral clinical fellows programme with James Lee (primary 
supervisor, Crick) and Mark Lowdell (UCL) 

Natural Killer (NK) cells are innate cytotoxic effector cells that have been implicated in a range of human 
diseases, but their exact role in these conditions is often poorly understood. For example, although NK cells 
are abundantly found in the inflamed intestine in Crohn’s disease and in the CSF in multiple sclerosis, their 
contribution to the pathogenesis of these conditions remains unclear (1,2). Recent attempts to use NK cells 
as adoptive cellular therapies in cancer – to exploit their role in tumour immunosurveillance and advantages 
over T cell-based therapies – have also been limited by unexpectedly weak anti-tumour cytotoxicity without 
additional activation (3).  

A better understanding of the biological pathways that regulate NK cell function, and how these are 
perturbed in disease and/or could be manipulated for therapeutic benefit, would therefore represent a 
major advance with wide-ranging implications.  

Our group has optimised methods for CRISPR editing a range of primary immune cells (including T 
cells, monocytes/macrophages and NK cells) using either Cas9 or Cas12. This has enabled us to identify key 
genetic regulators of important immunological processes, and determine whether these could targeted 
therapeutically (4).  

This project will involve performing a genome-wide CRISPR screen to identify genes that regulate 
NK cell function. This should provide (a) insights into NK cell biology, (b) a basis to uncover how these genes 
contribute to the pathogenesis of immune-mediated diseases and (c) a series of candidate genes that could 
be targeted to improve anti-tumour cytotoxicity. Downstream experiments will explore some / all of these 
possibilities in more detail.  

This project would suit clinicians with an interest in haematological or solid cancers, or autoimmune 
disease, particularly inflammatory bowel disease or multiple sclerosis. The ideal candidate will have a sound 
background knowledge of immunology, and some experience in cell culture, lentiviral transduction, and 
molecular biology. Most importantly, however, we are looking for a bright, enthusiastic, and hard-working 
individual who has a genuine interest in figuring out immunological mechanisms in human disease 
(experimental techniques can and will be taught!)   
 
The partner institution for this project is UCL. 

References: 
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Developing novel cancer therapeutics by functional interrogation of the 
nervous system  

A PhD project for the 2022 doctoral clinical fellows programme with Leanne Li (primary 
supervisor, Crick), Ioanna Keklikoglou (Barts Cancer Institute/QMUL) and Rickie Patani 
(Crick/UCL) 

The course of cancer progression is dictated by the complicated interplay between cancer cell intrinsic 
factors and extrinsic environmental factors. Tumours are made up of both cancer cells and host cells that 
support the tumour’s growth. Interactions between the different types of cells in the tumour constantly 
shape the behaviour of the cancer cells and affect how the disease will progress. Therefore, in order to 
develop more efficacious cancer therapies, we need to understand how cancer cells communicate with 
the host or ‘stromal’ cells within the area directly around the tumour, called the tumour 
microenvironment. Furthermore, we also need to know how the tumour communicates with the rest of 
the body.  

In particular, accumulating evidence has indicated that cancer and the nervous system bear a 
much closer, entangled relationship than had been appreciated. Changes of the innervation landscape, 
significantly impacting cancer progression, have been observed in many cancer types. However, 
perturbations of neural activity have yielded incoherent results in distinct cancer types, and sometimes 
even in the same cancer type across different studies. This variability may be due to the limitations in the 
currently employed methodologies: the composition of cancer-innervating neuronal populations has not 
been extensively profiled, and the standard methods used to manipulate neural activity, such as surgical 
denervation and pharmacological treatment, lack specificity and selectivity in both the location of the 
perturbation and types of neurons affected, which complicates the interpretation of results. 

We are interested in elucidating the interactions between cancer and the nervous system. In 
particular, we aim to reveal how tumour innervation may affect cancer progression, and whether 
interfering with such a crosstalk could provide novel inroads for cancer therapy. 

The doctoral project will develop around the two key questions: Does the presence of a tumour 
rewire the nervous system, both locally and remotely? Can we treat cancers by manipulating the nervous 
system? 

We use a variety of highly translational genetically-engineered mouse models (GEMMs) of cancer 
[1-3] and GEMM-derive cancer cell lines as our principal platforms of investigation. We will employ a wide 
range of advanced techniques to interrogate the role of innervation in tumour progression, including 
microCT, MRI, ultrasound, advanced microscopy imaging, optogenetics [4], chemogenetics, microfluidic 
devices, intravital imaging, iPSC studies [5] etc.  

Clinicians who are interested in cancer research or neuroscience, who are passionate in 
understanding the basic mechanisms of cancer progression and its interaction with the nervous system, 
and who are enthusiastic about developing novel therapeutic options for cancer patients are welcome to 
join us. 

 
The partner institution for this project is Barts Cancer Institute/QMUL. 
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Prolonging survival in adults with chronic hepatitis B virus (HBV) 
infection through risk-stratified treatment and surveillance  
A PhD project for the 2022 doctoral clinical fellows programme with Philippa Matthews (primary 
supervisor, Crick) and Douglas MacDonald (UCL/Royal Free Hospital/UCLH).  

There is a huge global burden of hepatitis B virus (HBV) infection, but it is a neglected disease accounting 
for approaching a million deaths from cirrhosis and hepatocellular carcinoma (HCC) annually [1]. Current 
treatment guidelines recommend therapy to suppress viral replication, and ultrasound surveillance for 
HCC in those most at risk [2]. However, the parameters used for assessment (‘liver function tests’, fibrosis 
and viral load, 6-monthly ultrasound) miss a substantial proportion of patients at risk of complications [3], 
including early cancers at a potentially curable stage. Further stratification of HCC risk in these cohorts 
using an expanded dataset of host and viral factors may identify those who would benefit from earlier 
initiation of preventative treatment and allow development of risk scores, and cost-effective use of 
enhanced surveillance.  

Working with clinical and research collaborators in the UK (London and Oxford), South Africa and 
Uganda, we have access to clinical samples and host data representing varied populations. We are 
currently establishing new partnerships at the Africa Health Research Institute in Durban, South Africa. 
The Royal Free London (RFL) NHS trust has the largest HBV cohort in England delivered across areas of 
high HBV prevalence, and offers liver transplantation and systemic therapy trials unavailable elsewhere.  

This PhD project will be linked closely with local NHS services in London, and to international 
cohorts, to refine approaches to assessing adults with chronic HBV infection to determine the long-term 
risk of complications. This will include opportunities to refine and apply routine clinical data 
(demographics, imaging, laboratory, treatment information) together with wet lab techniques, including 
host and pathogen sequencing [4], application of new and existing biomarkers, imaging data, and analysis 
of large clinical datasets. Accessing liver tissue from biopsies or explants will provide unique opportunities 
for exploration of end-organ disease in tissue, for correlation with other biomarkers. The overall aim is 
optimise approaches to HBV surveillance, for example by incorporating more frequent and sensitive 
imaging, use of novel laboratory biomarkers (with multiplex approaches to measuring new and existing 
parameters) and including host and pathogen sequence data. This approach will inform better deployment 
of treatment and earlier interventions for patients at high risk of liver disease, with a special focus on 
HCC. 

The supervision team will comprise clinician scientists based at the Crick Institute, clinicians 
working in hepatitis services, and international collaborators. The project will be supported through 
engagement with state-of-the-art science technology platforms at the Crick, providing expertise and 
facilities (including sequencing, bioinformatics, flow cytometry and metabolomics).  

Lab members are encouraged to contribute to ideas and planning throughout the course of the 
PhD. Our aim is to develop and maintain an atmosphere that nurtures scientific creativity and 
productivity, capitalizing on many opportunities for collaboration.  

We particularly welcome applications from candidates with an interest in infectious diseases and 
microbiology, hepatology, cancer biology, and/or global health. You will have the opportunity to 
collaborate in a diverse programme of research with strong translational links, with the aim of developing 
insights that provide an evidence base for informing clinical practice and policy, and taking steps towards 
international targets for HBV elimination [5]. 
 
The partner institution for this project is UCL. 
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Mutations and mosaicism in human embryonic development  

A PhD project for the 2022 doctoral clinical fellows programme with Naomi Moris (primary 
supervisor, Crick), Cristina Dias (King’s College London) and James Turner (Crick).  

Extensive epigenetic remodelling occurs during human embryonic development, as cells make fate decisions 
that establish the required cell types for functional organs and tissues. As a result, mutations in these 
factors often cause embryonic lethal effects around the point of gastrulation. For instance, ablations in 
ARID1A (a component of the SWI/SNF complex) in mice prevents progression through gastrulation, with the 
absence of mesodermal differentiation and resultant lethality (Gao et al., 2008). Heterozygous mouse 
mutants die mid to late gestation, showing neural tube and cardiac defects. However, patients with 
heterozygous ARID1A mutations present primarily with intellectual disability, dysmorphic features and 
variable congenital anomalies including skeletal, gastrointestinal and cardiovascular (Kosho et al., 2014). It 
is possible that previously reported mosaicism in these patients, genetic background or human-specific 
chromatin remodelling functions, lead to a less severe phenotype.  The advent of high throughput genomic 
sequencing technology has afforded the identification of the underlying genetic cause of this and several 
other congenital anomaly phenotypes. 

To explore these possibilities, a new method for studying human embryonic development in vitro, 
known as human gastruloids will be utilised (Moris et al., 2020). These are 3D aggregates of human 
Embryonic Stem Cells (ESCs) that spontaneously self-organise, polarise their gene expression, undergo 
morphological elongation and display axial gene expression organisation that mirrors elements of a 20-22 
day old human embryo. The proposed project will harness the power of this novel technology to interrogate 
fundamental questions of human embryogenesis that lead to developmental arrest or severe congenital 
phenotypes. 

Using patient-derived iPS cell lines (Devito et al., 2021), CRISPR/Cas9 repaired isogenic controls, 
and genetically engineered ESC control lines, human gastruloids will be generated and fully characterised. 
Imaging techniques including confocal and light-sheet microscopy will be combined with gene expression 
analysis including single-cell RNA-seq and single-cell ATAC-seq to determine the dynamic effect on cell fate 
specification. Precise cell deposition will also be utilised to perform a mosaicism assay to control the exact 
number of mutant cells to healthy cells used to generate human gastruloids and quantify effect on 
morphology and germ layer specification. The project will therefore focus on the role of mutations and 
cellular mosaicism in specification of germ layer derivatives during human peri-gastrulation development.  

The project will be a collaboration between Dr Naomi Moris at the Francis Crick Institute 
(Developmental Biologist) and Dr Cristina Dias at Kings College London (Clinical Geneticist and Clinician 
Scientist), with Dr James Turner (Geneticist; Senior Group Leader and Assistant Research Director at the 
Crick). Training will involve ample opportunity for professional development, with training in tissue culture 
techniques, imaging, sequencing and data analysis provided alongside gene editing, interpretation of human 
genomic mutation and phenotypic correlation. 
 
The partner institution for this project is King’s College London. 
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Dissecting the immunological mechanisms of vascular pathology in pre-
clinical patients with chronic inflammation and its link to atherosclerosis  

A PhD project for the 2022 doctoral clinical fellows programme with Venizelos Papagiannopoulos 
(primary supervisor, Crick), Francesco D’Aiuto (UCL) and John Deanfield (UCL).  

Cardiovascular diseases develop over many years during what is termed as the pre-clinical phase through 
mechanisms that are not well characterised. Most clinical work has focused on the pathological mechanisms 
driving active disease, but much less attention has been invested in understanding and treating the early 
stages of disease development during the pre-clinical phase. This is particularly important since 
atherosclerosis is an irreversible disease.  

Recent studies have shown that vascular dysfunction develops many years before active 
atherosclerosis and can be a potent predictor of pre-clinical atherosclerosis. However, the mechanisms 
driving vascular dysfunction remain unclear. Furthermore, cardiovascular disease and its associated risk 
factors were the predominant elements dictating the development of immune pathology during severe 
infection as recently observed in SARS-COVID-2 patients.  

Chronic inflammation is a major driver of vascular dysfunction. Our project will aim at 
understanding the mechanisms driving vascular inflammation by examining the impact on myeloid cells such 
as neutrophils, monocytes and macrophages. The cross-talk between these cells is an important driver of 
pathology during the clinical phase of atherosclerosis (Warnatsch et al.m 2015).  

We have recently established several readouts that allow us to dissect novel aspects of the 
functional impact of patient plasmas on neutrophil function and correlate it to proteomic and cytokine 
analysis to uncover novel mechanisms of pathology. Using these strategies, we have already uncovered 
functional alterations in neutrophils as well as deficiencies that are linked to vascular pathologies 
(unpublished). During these studies, we have also observed comparable deficiencies in a lower proportion 
of healthy donors, suggesting these mechanisms of pathology might be relevant in chronic inflammatory 
conditions as well.  

To address this fundamental question, we will employ our functional and systems platform to 
characterize pathological mechanisms by studying the plasma and myeloid cells of patients with chronic 
pre-clinical inflammation. In addition, periodontitis has been shown to be linked to vascular endothelial 
dysfunction and type-2 diabetes and non-pharmacological treatment reverses pathology in these patients 
(D'Aiuto et al., 2018; D'Aiuto et al., 2008; Masi et al., 2018). We will also evaluate the impact on-neutrophil-
associated pathogenic mechanisms of treatments that have been found to reverse the vascular pathology 
associated with pre-clinical atherosclerosis. These studies will uncover whether the mechanisms we have 
identified in sepsis and SARS-COV-2 patients are more prevalent in “healthy” patients with low levels of 
chronic inflammation. 

 
The partner institution for this project is UCL. 
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Immune mechanisms in psychosis and antipsychotic treatment resistance  

A PhD project for the 2022 doctoral clinical fellows programme with Katharina Schmack (primary 
supervisor, Crick) and James MacCabe (King’s College London) 

Psychotic disorders are devastating conditions that affect approximately 1% of the population in their 
lifetime. The biological mechanisms underlying psychosis are currently not well understood. A variety of 
genetic and environmental factors point to an overactive immune system: psychotic disorders are 
associated with variants in immune-related genes, early-life infections, autoimmune disorders and 
increased pro-inflammatory cytokines. An overactive immune system might also underlie resistance to 
antipsychotic treatment, as indicated by increased low-level inflammation in patients with treatment-
resistant schizophrenia (1). In line with this, immunomodulatory effects have been demonstrated for 
clozapine, the antipsychotic drug with unique efficacy in treatment-resistant schizophrenia. Clozapine 
treatment is associated with increased susceptibility to infections such as pneumonia (2) and COVID-19 
(3). Clozapine treatment is also associated with an initial immune activation response followed by a 
reduction in immunoglobulins (4), and this effect may be predictive of treatment response. This suggests 
that treatment resistant psychosis might be mediated by an immune process directed at the brain, and 
this immune process might be modulated by clozapine. 

This project will be concerned with the mechanisms by which the immune system and the brain 
interact in treatment resistant psychosis. Using transcriptomic-proteomic profiling and auto-antibody 
screening, we will test which immune signals are altered in the blood and cerebrospinal fluid of 
treatment-resistant schizophrenia patients. We will compare patients before and after clozapine initiation 
to identify immune alterations that relate to clinical response. We will then probe in mice how the 
identified alterations can lead to psychosis-like behaviour, and how clozapine treatment can reverse such 
immune-mediated psychosis-like behaviour. To measure psychosis-like behaviour, we will use established 
behavioural assays as well as our recently developed approach for measuring hallucination-like perception 
in mice (5). Our cross-species approach allows us to move back and forth between our mouse model and 
patients to elucidate the role of brain-directed immunity in psychosis. Ultimately, this will enable the 
development of novel immune-related treatment targets for psychotic disorders.  

The candidate will join the recently established Schmack lab operating at the intersection of 
neuroscience, immunology and psychiatry. There will be ample opportunities for hands-on-supervision, as 
required. Clinical context and access to patient samples will be provided through co-supervision through 
Prof MacCabe at King’s College London. The MacCabe lab is situated at the largest psychosis research 
centre in the World, and leads the UK in clinical research on treatment-resistant psychosis. The project 
proposed here will be further developed in discussions with the supervisors. Candidates are also welcome 
to discuss ideas for projects related to the project proposed here, dependent upon the candidate’s 
interests and background. 
 
The partner institution for this project is King’s College London. 
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Cancer Dynamics 
A PhD project for the 2022 doctoral clinical fellows programme with Samra Turajlic (primary 
supervisor, Crick) and James Larkin (The Institute of Cancer Research/Royal Marsden)  

We are looking for a doctoral clinical fellow to join the Cancer Dynamics laboratory - a multi-disciplinary 
team of cancer biologists and translational research clinicians concerned with both basic evolutionary 
principles and application of evolutionary rules in the clinic, as well as emergent clinical questions such as 
the bases of anti-tumour immunity and immunotherapy benefit. We collaborate nationally and 
internationally and there will be ample opportunities for training at the Crick and beyond.  
 
We have two potential projects that may be of interest to clinical fellows:   

 
Project 1: Resolving the evolutionary dynamics of renal cancer metastases and therapy resistance  
 
Evolutionary principles are increasingly applied to help us understand cancer initiation and progression as 
evidence by our work to date (1) (2) (3, 4). In the context of renal cancer, we observe that the mode of 
evolution can determine the growth of the primary tumour and the patterns of metastatic progression. 
Renal cancer in particular exhibits a wide range of metastatic phenotypes- from very latent metastases 
with predilection for endocrine tissues; oligometastases where metastases are confined to a single organ; 
and widespread/rapid metastases. To build on this we will decipher the evolutionary dynamics of renal 
cancer metastases, characterizing the sources of selection that lead to emergence of metastasis-
competent clones at the site of the primary tumour;  understand the patterns and timing of metastatic 
spread; identify novel/common vulnerabilities within the metastatic process, that may inform new 
strategies for therapeutic targeting; and understand the mechanisms of resistance to targeted and 
immune-oncology agents. This is very pertinent in the context of renal cancer because the therapies used 
to treat the disease target the tumour microenvironment (angiogenesis or immune cells).  
Through established research studies: TRACERx Renal and a post-mortem (PEACE) Study, there is a unique 
opportunity to sample a whole range of metastatic sites. The TRACERx Renal study has complete 
recruitment and we have already performed 20 renal cancer post-mortem with both studies contributing 
100s of samples that undergo whole exome, genome and RNA sequencing, generating the largest dataset 
of this type worldwide. This is an opportunity to work with this dataset to provide unprecedented insights 
into patterns of renal cancer spread and the variation in evolutionary patterns between cases. There is 
also an opportunity to contribute to mathematical modelling to predict cancer evolution (5). 
 On this project we will also collaborate with Kevin Litchfield, PI in immune-genomics at the UCL 
Cancer Institute. 

Understanding evolutionary dynamics in renal cancer also has the potential to inform design of 
future clinical trials with regards to the timing of therapy. The current paradigm rests upon an assumption 
of linear progression and will be challenged in this project. 

This project would suit a candidate with a background in mathematics, physics, statistics, 
bioinformatics, evolutionary biology who has an interest in cancer evolution, cancer biology and 
translational research. Prior experience of computational methods especially in cancer genomics and 
cancer evolution is useful, but ample opportunities for training will be provided to those without such 
experience. Candidates from any clinical background and at any stage of clinical training are encouraged 
to apply. 
 
Project 2: Understanding immunE-related toXicities to uncover mechanisms of autoimmunity and 
inflammation induced by immune checkpoint blockade  
 
Immune-related adverse events (IrAEs) are a significant cause of discontinuation of checkpoint inhibitor 
(CPI) therapy and patient morbidity. IrAEs are common, largely unpredictable in timing and organ systems 
affected, and range from manageable endocrinopathies to potentially fatal pneumonitis, colitis, 
neurological and cardiac toxicities. Their impact is increasingly relevant as CPIs are tested and approved 
for an expanding number of indications (5), including the adjuvant setting. The management of irAEs 
remains crude involving high-dose steroids, which cause profound morbidity and could impact anti-cancer 
immunity. There is very limited understanding of the biology underlying irAEs and potentially multiple 
mechanisms implicated including host factors such as pre-existing sub-clinical autoimmunity, germline 
polymorphisms and the immune landscape of the tumour itself. At the same time, they present an ideal 
model of induction and understanding of autoimmune disease, given the opportunity to obtain samples 



  
 

   

before autoimmunity/autoinflammation set in. Over the last decade our group has extensively clinically 
phenotyped irAEs (6) and established treatment algorithms (7,8), and more recently begun to define the 
mechanisms of irAEs (9). We have already established the bases of liver inflammation driven by CPI. We 
have established a study EXACT – understanding immunE-related toXicities by multifACeT profiling. We 
will study a cohort of 200 patients with cancer treated with combination anti-PD-1/anti-CTLA4 therapy, 
collecting peripheral blood throughout and affected tissue samples, especially skin and gut. We will use 
flow cytometry and cytoff as well as multiplex immunohistochemistry to characterise the immune and 
signalling changes associated with these phenomena and incorporate information on the microbiome, and 
germline   variation, especially in known loci associated with autoimmune disease. Ultimately, the aim is 
to develop a multiparametric biomarker to predict irAEs and provide mechanistic insights and thereby 
therapeutic targets for prevention and/or management of irAEs. The candidate will have the opportunity 
to train in flow cytometry, mass cytometry, cutting-edge imaging techniques, and cancer biology and 
immunology.  
 On this project we will also collaborate with Anne O’Garra, PI in Immunoregulation at the Francis 
Crick Institute and Andrew Furness, PI in Adoptive therapy at the Royal Marsden/The Institute of Cancer 
Research. 

This project would suit a candidate with a background in immunology, immunotherapy and 
translational research, but candidates without prior experience and from any clinical background and at 
any stage of clinical training are encouraged to apply.  
 
The partner institution for these potential projects is The Institute of Cancer Research. 
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Analysis of congenital heart defects in Down Syndrome using induced 
pluripotent stem cells  

A PhD project for the 2022 doctoral clinical fellows programme with Victor Tybulewicz (primary 
supervisor, Crick), Andreia Bernardo (Imperial College London) and Kuberan Pushparajah (King’s 
College London/St Thomas' Hospital). 

Down Syndrome (DS), trisomy of human chromosome 21 (Hsa21), is characterised by a broad spectrum of 
phenotypes, including learning and memory deficits, craniofacial changes, early-onset Alzheimer’s disease 
and congenital heart defects (CHD) [1]. Each of these phenotypes arises from an extra copy of one or 
more of the ~230 genes on Hsa21. However, the identity of these causative genes is unknown as are the 
pathological mechanisms [2]. Understanding the genetic and mechanistic basis of these phenotypes is 
critical for the development of rational therapies, which are largely non-existent for this common human 
condition. 

The CHD in DS typically include ventricular and atrioventricular septal defects and outflow tract 
defects. Using mouse models of DS, we have found that the mice show CHD similar to those seen in 
humans with DS and discovered that developing mutant hearts have reduced cell proliferation and 
mitochondrial dysfunction [3]. Furthermore, we have found that the causative genes for the CHD lie in a 
39-gene region of the mouse genome with orthology to Hsa21 and that there must be at least 2 such 
genes. We now propose to study CHD in human DS cells, using Induced Pluripotent Stem Cells (IPSCs), to 
establish pathological mechanisms within different cardiovascular lineages and identify causative genes.  

Aims 
1. Determine the pathological consequences of trisomy of Hsa21 on cardiomyocytes. 
2. Determine the pathological consequences of trisomy of Hsa21 on endocardial and epicardial cells. 
3. Identify the dosage-sensitive genes on Hsa21 that cause CHD and establish the mechanisms by which 
they act. 

The project will use matched isogenic pairs of IPSC lines from euploid and DS individuals [4]. 
These cell lines are genetically identical, expect for the presence of a third copy of Hsa21 in the DS lines. 
The student will grow the IPSC lines, differentiate them into ventricular cardiomyocytes, endocardial and 
epicardial cells using established protocols and analyse if the DS genotype causes changes in relevant 
cellular parameters, e.g. rates of cell division, mitochondrial mass, membrane potential and function. 

The student will use RNAseq and mass spectroscopy to study the changes in the transcriptome and 
the proteome caused by trisomy 21 in different cardiac cell types. This will be extended to studies of 
human embryonic DS hearts, obtained from the Human Developmental Biology Resource. To identify 
causative genes, we will use CRISPR/Cas9 gene editing in DS IPSCs to inactivate one out of three copies of 
individual candidate genes and test if this mutation rescues phenotypes. The choice of candidate genes 
will be based on ongoing gene mapping studies in the mouse models of DS. The student will carry out 
cellular and biochemical analysis to determine the molecular mechanisms by which increased dosage of 
candidate genes contributes to CHD. 

The student will be jointly supervised by Victor Tybulewicz and Andreia Bernardo. The Tybulewicz 
lab has extensive experience in the genetics of DS and in studies of embryonic heart development; the 
Bernardo lab has expertise in the growth and differentiation of IPSCs into cardiac lineage cells and in IPSC 
CRISPR/Cas9 gene editing. 

 
The partner institution for this project is Imperial College London. 
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Dissecting the mechanism of N6-Methyladenosine (m6A) mediated RNA 
translation-decay in yeast and cancer cells  

A PhD project for the 2022 doctoral clinical fellows programme with Folkert van Werven 
(primary supervisor, Crick), Kamil Kranc (Barts Cancer Institute/QMUL) and Paolo Gallipoli (Barts 
Cancer Institute/QMUL) 

How gene expression is regulated during cell differentiation remains poorly understood. The Van Werven 
laboratory studies the molecular mechanism of gene expression changes during cell fate programming in 
yeast, mammalian, and cancer cells. 
  A widely used strategy for cells to alter gene expression is through the biochemical modifications 
of RNAs. As such, the mRNA N6-methyladenosise (m6A) modification is the most abundant RNA 
modification that alters the fate of messenger RNAs in various ways. The m6A modified transcripts can 
stimulate turnover of transcripts, promote translation, RNA splicing, alter transcript localization and 
more. The m6A mark also has essential functions in development. More recently, m6A writer and reader 
machinery have been identified as potential targets for cancer treatment. Specifically, in acute myeloid 
leukemia (AML), an aggressive clonal disorder of hematopoietic stem cells, both the m6A writer and 
reader protein complexes have been promising candidates for therapeutics [1-4].  

In budding yeast, m6A is deposited on mRNAs during early meiosis where it functions to promote 
progression into meiosis [5]. The long-term aim is to dissect the molecular functions of m6A in regulating 
gene expression using yeast as a model. Given that the proteins of the m6A writing and reading machinery 
are conserved, we hope gain new insight how the m6A mark contributes to development and cancer 
progression.  

Recently we found that only one reader protein in yeast, related to YTHDF2 in mammals, interacts 
with m6A marked mRNAs. YTHDF2 has been implicated as therapeutic target for AML [1, 4]. In yeast, we 
have evidence that the reader protein directs mRNA transcripts to ribosomes for translation coupled 
mRNA decay (unpublished). The mechanism is yet to be identified. The goal of the project is to identify 
the molecular players that mediate targeting of m6A transcripts for translation coupled mRNA decay.  

For the project we will make use of the yeast genetics to identify mutants in RNA decay and 
translation pathways that affect m6A methylation patterns. Additionality, we will use various molecular 
and genomic techniques to dissect the mechanism of m6A mediated translational coupled decay. The 
conserved proteins identified in yeast will be further validated in AML cells as a paradigmatic model 
system for cancer stem cell disease (in collaboration with the Kranc lab). Briefly, we will use CRISPR-Cas9 
approach to delete or mutagenize the identified m6A regulators in mouse AML cells and examine their 
potential to initiate and propagate AML. 

This project will combine the strengths of yeast genetics (in van Werven’s lab) to reveal novel 
m6A regulators and functionally interrogate their significance in AML (in the Kranc lab). Given the recent 
discoveries indicating that the m6A pathway is druggable with therapeutic potential in cancer, our work 
may reveal novel therapeutic targets which will be applicable to many malignancies [1, 4]. Thus, this 
work will form the basis for drug discovery against new m6A regulators which we will identify and validate 
as key players in AML.  

The ideal candidate must have a strong interest in basic science (required) and ideally research 
experience in molecular biology, biochemistry, genomics, or cancer biology (desired). 
 
The partner institution for this project is Barts Cancer Institute/QMUL. 
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Causal molecular pathway signatures in systemic lupus erythematosus 

A PhD project for the 2022 doctoral clinical fellows programme with Carola Vinuesa (primary 
supervisor, Crick) and Anisur Rahman (UCL).  
 
Systemic lupus erythematosus (SLE) is the prototypic human systemic autoimmune disease with a 
prevalence of 97 per 100,000 in the UK. SLE can affect any organ or tissue in the body, 90% of cases are 
women and it typically presents in the childbearing years. Severe, organ-threatening manifestations 
include renal, neuropsychiatric and haematological disease. SLE is heterogeneous not only with regards to 
the very different clinical presentations, diseases course, or end-organs affected, but also according to 
the very different peripheral blood mononuclear cell transcriptomic signatures: Indeed, SLE can be 
stratified into at least 5 different patient subgroups according to their transcriptional profile 1. SLE 
patients are treated with high dose corticosteroids and immunosuppressive agents including 
cyclophosphamide and mycophenolate. These globally immunosuppressive techniques have improved 
clinical outcomes in SLE but can lead to multiple side-effects and organ damage over time. Furthermore, 
some aspects of the disease such as fatigue and increased risk of cardiovascular disease do not respond to 
these therapies and an important subgroup of patients are refractory to these drugs 2. It is therefore 
important to develop new targeted therapies for SLE based on understanding disease pathogenesis. In a 
successful trial of the anti-interferon agent anifrolumab, better outcomes were seen in a group with a 
high interferon gene signature3. 

We have now undertaken whole genome or exome sequencing of hundreds of patients with 
systemic autoimmunity (https://database.cpi.org.au) and identified novel causes of monogenic SLE from 
patients with pediatric-onset lupus. We have developed bespoke SLE “mouse patients” by introducing the 
orthologous mutations found in the human patients into mice using CRIPSR/Cas9 editing, and are 
uncovering the pathogenic mechanisms in these models4,5.  

To resolve SLE heterogeneity we are identifying causal molecular pathway signatures (CAMPS) in 
our established cohort of monogenic patients and CRISPR engineered “mouse patients”. Multi-parameter 
assessments of patient/mouse immunity include antibody-coupled single-cell (sc) RNAseq (CITE-seq) 
together with BCR and TCR sequencing, metabolomic profiling, and functional in vitro assays. 

The successful PhD candidate will apply these assays to non-Mendelian adult-onset SLE patients 
that are regularly followed up, for which we have collected clinical history, disease activity, treatment 
and serology, and have a biobank of serum samples. Activity is recorded using the organ-based British Isles 
Lupus Assessment Group (BILAG) index, allowing comparison of patients with disease in different organs.  

The aim will be to investigate whether defined CAMPS can identify distinct patient subgroups as 
defined by total blood transcriptomic signature, disease course, disease activity, or the nature of 
symptoms and end-organs affected. The candidate will also investigate how some of the rare cell subsets, 
cytokines, metabolites, as well as B cell and T cell clonotypes that define each CAMP, participate in 
disease pathogenesis.  

This work will be instrumental to understand the fundamental pathogenic mechanisms in human 
SLE and to refine clinical diagnosis. An important outcome will be the possibility to stratify patients for 
existing precision therapies.  

The partner institution for this project is UCL. 
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Multiomic approaches to understand the pathogenesis of extrapulmonary 
tuberculosis  

A PhD project for the 2022 doctoral clinical fellows programme with Robert Wilkinson (primary 
supervisor, Crick) and Brian Robertson (Imperial College London) 
 
Tuberculosis is an important disease responsible, in 2019, for 1.4 million deaths worldwide. Fifteen 
percent of cases occur outside the lungs and of these disease forms, pericardial and meningeal disease are 
the most severe with mortality ranging from 8-40% or higher[1, 2]. Neither condition is satisfactorily 
modelled in animals and relatively little in-depth understanding has come from human studies hitherto[3, 
1].  

Our research programme at Crick is strongly linked to the Wellcome Centre for Infectious Diseases 
Research in Africa at the University of Cape Town. In South Africa we are conducting two clinical trials of 
intensified antibiotic therapy for pericardial (IMPI-3, US NIH funded) and CNS (Intense-TBM, EDCTP 
funded) tuberculosis that will recruit 80 and 228 participants respectively over the next two years. A rich 
clinical phenotype predicated by the investigational nature of these trials is augmented by access to 
advanced imaging at the Cape Universities Body Imagining Centre (CUBIC) and we are including both 
Cardiac MRI to assess sequelae of pericardial disease[4]; and both comprehensive MRI sequences and 
magnetic resonance spectroscopy (MRS) to non-invasively determine selected brain metabolites 
(Glutamate and GABA). 

Both clinical trials are assembling comprehensive biobanks from both blood and site of disease. 
These will be used in downstream multi-omic (transcriptomic, proteomic, metabolomic) laboratory 
analyses that will seek correlates of outcome, HIV-1 co-infection status, and treatment allocation and 
thereby lead to new understanding of pathogenesis. Specific hypotheses in pericardial tuberculosis centre 
on relationships between pericardial Mtb-specific T cells, and Mtb-induced markers of host cell death 
pathways, and bacterial load. These studies benefit collaboration with intramural investigators at the 
National Institutes of Health, Bethesda, MD, USA. In tuberculous meningitis we have documented 
enrichment of transcripts associated with neuronal excitotoxicity and cerebral damage leading us to 
pursue a hypothesis that inflammation sets up detrimental metabolic changes that contribute to brain 
injury and which may be targeted by novel adjunctive therapies[5].  

The opportunity exists therefore particularly (but not restricted to) for a Neurologist, 
Microbiologist, Cardiologist, Microbiologist or Radiologist in training to join the team as a Clinical PhD 
student. The projects are highly multidisciplinary and multifaceted and the candidate would have ample 
opportunity to define niche prior to taking up the Fellowship. We envisage training will include ICH-Good 
clinical practice, clinical trials conduct, non-invasive imaging, Immunology, Bioinformatics, and 
Metabolomics. COVID-19 travel restrictions permitted, there would be opportunity to join the clinical 
team in South Africa during the early part of the Fellowship. However, in keeping with the nature of 
Crick, the bulk of time would be expected in laboratory work in close collaboration with the 
Bioinformatic, Metabolomic, Biostatistic, Advanced sequencing and Flow cytometric Science Technology 
Platforms and with our collaborating scientists. Whilst not therefore being prescriptive at the application 
stage one example project would be the relationship at the single cell (sc) level of T cell phenotype to 
bacterial load in the pericardium. This can range from being culture negative to containing over 106 
bacilli/mL. We will have precise quantitative estimates and the ability to sort cells for scRNAseq. Work on 
peripheral blood has revealed much greater diversity than hitherto. Thus a hypothesis would be that the T 
cell response associated with no detectable or low bacillary content may differ from that in multibacillary 
disease and thus provide insight into protective immunity. 

The partner institution for this project is Imperial College London. 
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